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1. Abstract  
Introduction 
Addressing the risks of manufactured nanoparticles requires knowledge of their hazards, the 
exposure of the working population as well as the liberation of particles in the environment. 
Currently there is no systematically collected information about occupational exposures or 
liberation of particles in the environment. 
 
Objective  
This study aimed to evaluate the prevalence and the level of nanoparticle usage in Swiss industry, 
the used health, safety and environment measures, and the number of potentially exposed 
workers. 
 
Design  
The Nano-Inventory was created in two successive steps; which both provided insight on 
different aspects assessing the potential occupational exposure to nanoparticles in Swiss industry. 
a) The pilot study consisted of targeted interviews of 198 companies suspected to use or produce 
nanoparticles. The study was designed as a feasibility study for a questionnaire based industry 
survey on the handling of nanoparticles and the applications of specific protection means. 
However, as a targeted study, it provided only qualitative information rather than absolute 
number of Swiss companies and workers dealing with nanoparticles. 
b) The main study was designed as a representative questionnaire-based survey of the Swiss 
productive sector to provide the number of companies dealing with nanoparticles. A stratified 
mail survey was conducted among a representative selection of 1'626 companies. The study 
population, 78'559 clients of the Swiss National Accident Insurance Fund (SUVA), covered 
about 84% of all Swiss production sector companies.  
c) Two smaller, complementary surveys were conducted in parallel to the main survey, to obtain 
additional information useful for policy makers: a survey among the 99 largest Swiss 
companies and a survey of the branches, which were underrepresented in the random 
selection of the main survey. 
 
Results  
a) The pilot study provided a rather detailed picture on the types and amounts of nanoparticles 
used in the investigated companies. Forty-three of the 198 interviewed companies declared the 
use or production of nanoparticles and 11 imported and traded pre-packaged goods that 
contained nanoparticles. Considerable quantities (>1'000 kg/year per company) of Ag, Al-Ox, 
Fe-Ox, SiO2, TiO2, and ZnO were found. The median quantity of handled nanoparticles was 
100 kg/year. The production of cosmetics, food, paints, powders, and the treatment of 
surfaces involved the largest quantities of these nanoparticles. More safety measures were 
found in powder-based applications than in liquid-based ones. 
 
b) The representative survey was answered by 947 of the 1'626 companies (answer rate 58.3%). 
No significant difference was observed between the response rates of the different language 
regions of Switzerland German 58.4%, French 56.4% and Italian 62.5%.  
On average, two workers per company were directly dealing with a nanoparticle application. 
The extrapolation to all companies of the Swiss production sector resulted in 1'309 workers 
(95%-confidence interval 1'073 to 1'545) of the Swiss production sector being potentially 
directly exposed to nanoparticles. These numbers correspond to 0.08% (0.06% to 0.09%) of 
all workers in the Swiss production sector. Of the Swiss production sector companies 0.6% 
(0.2% to 1.1%) were estimated to deal with one or more nanoparticle applications. The 
extrapolation in terms of number of companies resulted in 586 companies (145 to 1'027). The 
chemical industry branch showed the highest percentage of companies with a nanoparticle 
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application (21.2% of the surveyed companies in this branch) and also a higher percentage of 
potentially exposed workers (0.5% of the workers in these companies). However, as this 
branch is rather small. In absolute numbers of companies dealing with nanoparticles this 
branch is similar to other branches, which have a smaller proportion of such companies, but 
which are larger.  
 
Across all branches, occupational health and safety strategies focused on the use of personal 
protection equipment (PPE). Few technical or organisational measures were applied. 
 
The results of the Top-99 survey underlined a tendency towards more applications in larger 
companies and the targeted survey showed the potential for stocks and yearly turnovers in 
hundreds of tons, especially for the first generation of nanoparticles like carbon black, TiO2, 
calcium carbonate, silica gels etc. 
 
Conclusion 
The Pilot study showed that nanoparticle use was a reality in 2007 in many industrial sectors in 
Switzerland and that some companies use already high quantities of a few types of nanoparticles. 
The representative survey showed a low prevalence of nanoparticle usage in most branches of the 
Swiss industry and PPE as predominant protection strategies. The introduction of applications 
with nanoparticles (outside chemical industry) seems to be at the very beginning. 
 
Before companies can start full-scale productions with nanomaterials, they need to know how to 
incorporate adequate protection measures into the plans for their new production lines. 
Technological and organisational protection measures need to be the preferred protection 
methods.  
 
Policy makers aim to develop strategies to support companies in the responsible development 
towards a safer usage of nanomaterials. Such strategies need to consider the specific industrial 
applications, including fields outside nanotechnology, and all sizes of companies. Especially the 
small and middle-sized companies need help on how to introduce protection means in a proactive 
and cost effective way. 
 
The results of this study might also be helpful for the implementation of the recently adopted 
action plan on “Risk Assessment and Risk Management for Synthetic Nanomaterials 2006–2009”.  
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2. Introduction: 
Nanoparticles have a diameter of maximal 100 nm in at least two dimensions (1). The properties 
of materials, such as conductivity or chemical reactivity, often change as the size approaches the 
nanoscale. Reports on the surface properties show that nanoparticles differ from bulk materials 
(2). The physical definition for nanoparticles of “ less than 100 nm” has its limits: nanoparticles 
tend to aggregate and agglomerate; structures which are often of an unknown stability and size 
distribution. In the context of exposure assessment, the restriction to this exact limit of 100 nm 
must be eased and particles greater than 100 nm must be considered as partially nanoparticles (1). 
This is important in the context of up-scaled production with nanoparticles, where even a 
relatively low proportion of particles in the nanoscale can lead to important concentrations of 
nanoparticles at unwanted places. If particles are sold and bought with only an indication of their 
mean diameter, which is generally the case, and if no information about an approximate size 
distribution is given in the safety data sheets, it is difficult to gain information about the effectively 
present particles. 
 
The changing properties of materials in the nanoscale make nanoparticles interesting for different 
kind of industrial applications. Research in the field of nanotechnology has developed a great 
number of different nanoparticles in short time. Today industries already start with the 
development of mass production and handling facilities, despite the limited knowledge about the 
risks associated with the exposure to such particles (3,4). A large number of different types of 
nanoparticles and applications are currently being developed and introduced into industrial 
processes and consumer products (5). However, there is no specific declaration duty for 
nanoparticles, neither in Switzerland nor in the rest of Europe. As a consequence, we have limited 
knowledge about who is using nanoparticles in Swiss industry and what types of particles are used. 
 
The same properties that make these particles interesting for industrial application make them 
potentially dangerous with regard to negative health effects. In ambient air-pollution-studies 
particles in the size of particulate matter PM2.5 or PM10 are shown to be harmful to human 
health. Nano sized particles are even suspected to enter the human body easier than micro sized 
particles. Nanoparticles and their agglomerates are suspected of having the potential for negative 
impact on health and environment (6,7). Different types of nanoparticles were shown to have 
adverse health effects (8). 
 
Information on potential exposure and liberation is still basic and needs to be elaborated in other 
countries (9) as well as in Switzerland (6). However, some reports showed that there are known 
nanoparticle applications and potential products (10-12). Several other studies investigated the 
prevalence of nanoparticles in companies or products. For example the German BAUA survey 
investigated the handling of nanoparticles focused on the nanotechnology sector (13), a French 
study assessed the producers of nanoparticles (14) and the UK DEFRA study was designed as a 
voluntary reporting system (15). 
 
It must be recognized that the influence of particle properties such as size and surface area on 
toxicology and physiochemical responses are not fully understood (16). There is a scientific 
discussion going on about which parameters are essential to describe nanoparticle exposure. Mass, 
number, and surface area are the most often mentioned metrics. But also surface reactivity, charge, 
etc are frequently proposed with regard to toxicological questions.  
 
For risk assessment studies, toxicological effects need to be combined with information about the 
level and kind of exposure. Special attention will have to be paid to up-scaled productions and 
their potential long-term consequences for health and ecology (17). 
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The occupational risk assessment need to know the number of exposed people, the type and 
quantity of exposure and the associated health effects. For the environmental risk assessment the 
amount of permanently or accidentally released nanoparticles is important. However, quantitative 
studies about industrial use and disposal of nanoparticles are as rare as studies about occupational 
exposure, and our knowledge in this field is insufficient to do a fact based risk analysis for 
Switzerland. New measurement strategies and modelling efforts are needed to provide adequate 
information for risk evaluations.   
 
Already some years ago recommended the UK Royal Society and The Royal Academy of 
Engineering that occupational exposure levels for manufactured nanoparticles should be kept as 
low as possible. They also recommended to treat nanomaterial as potentially hazardous, to seek to 
remove them from waste stream, to not apply free nanomaterial to the environment unless the 
benefits clearly outweigh the anticipated risks and to assess the potential impact of nanomaterial 
throughout their lifecycle (18). 
 
Newer guidelines for the safe and responsible production, handling and disposal of nanoparticles 
are being developed. However, current recommendations are still partially based on analogy 
reflections or on assumptions, they still lack certain information: for the development of specific 
guidelines, more information is needed about the exposure resulting from different handling-
methods of different nanoparticles with different protection measures. At the moment, the 
scientific basis for recommendations about the safe handling of nanoparticles is still insufficient.  
 
Missing knowledge 
There is an urgent need to evaluate the risks of these particles to ensure their safe production, 
handling, use and disposal. Studies on toxicological effects need to be combined with information 
about exposure or potential exposure. In the absence of solid exposure data no solid risk 
evaluation can be conducted. None of the existing studies about the usage of nanoparticles in 
industry so far provided systematically acquired data on the prevalence of nanoparticles in the 
consumer goods or the production sector of an entire country. 
2.1. Objectives of the Nano-Inventory 
The principal aim of the Nano-Inventory was to estimate the prevalence and extent of 
nanoparticles in the Swiss industry as well as the potential for exposure to engineered 
nanoparticles of the Swiss working population. The reason for the interest lies in the 
assumption that occupational cohorts are likely to have earlier and higher exposures than 
the general population, which makes them a useful population for risk assessments. The 
pilot survey was designed to provide a general idea about the different kinds of 
nanoparticle applications in the industry. It was moreover focused on the used protection 
means. However, it did not investigate the number of concerned workplaces in 
Switzerland. The main study was therefore created to estimate the number of concerned 
companies and potentially exposed workers in Swiss industry. 
2.1.1. Objectives of the pilot study 
The discussion about nanoparticles and health was already present in the media and it 
was not sure if companies (specifically their security-managers) were willing and able to 
answer questions about their production of nanoparticles. Another open question was 
the identification of different industrial sectors with nanoparticles applications in order 
to prepare a representative written survey. 
 
The pilot study was designed to evaluate the feasibility of a questionnaire-based 
approach, to investigate the availability of relevant data and to acquire a first impression 
about the use of nanoparticles in the Swiss industry. A selected, non-representative 
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number of companies were interviewed by telephone about following aspects: the type 
and quantity of nanoparticles used, the potential for an exposure and the current safety-
policy in the company. 
 
The aim of this pilot study was to see if companies (specifically their safety staff) were 
willing and able to answer questions about their production with nanoparticles. Another 
focus was to identify different industrial sectors with nanoparticles-applications and the 
quantity of particles used in this selection in order to prepare a representative written 
survey. Special attention was given to evaluate the information that could be obtained 
from the companies' safety staff, since they would have to fill the questionnaire during 
the main study. 
2.1.2. Objectives of the main study 
To provide an accurate estimation of the number of companies and the number of 
potentially exposed workers as well as the information about the used protection 
measures for humans, aquatic and atmospheric environment, a larger representative 
survey needed to be done. 
 
The representative study was therefore designed to evaluate the number of companies 
from different industrial branches, the type of particles used and the number of workers, 
which are potentially exposed to nanoparticles in Swiss industry. Additional information 
was asked, like data about different protection measures for humans and the aquatic and 
atmospheric environment. 
 
It should allow an estimation of the Swiss occupational exposure to nanoparticles and 
could be combined in a later moment with exposure profiles of typical workplaces to 
estimate the real exposure to nanoparticles. The knowledge about the amounts of 
nanoparticles being handled by individual companies can be useful for occupational as 
well as for environmental risk assessments. 
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3. Methods 
3.1. Methods of the qualitative pilot study 
Applications and addresses of potential users and producers were looked up using an 
Internet search. Syndicates of industrial sectors in which applications were suspected were 
contacted to obtain their membership-lists. A direct application search and the yellow 
pages complemented the list. About two hundred companies were contacted by telephone. 
 
Search applicat ions
Search syndicates of
sectors according to
applications
•Use address-lists of syndicates for the 
phone survey
•Search directly by applicat ion 
(www.werliefertwas.ch)
•Use the yellow pages
•Literature
•Other nano studies
•www.verbaende.ch
Search addresses to contact
Do the targeted phone survey: pilot 
study
•Contact five companies per sector 
and ask whether they knew or 
suspected other companies in their 
sector that used nanoparticles. 
•Continue until ~15 contacts per 
sector 
 
 
Figure 1: process chart of the pilot study 
 
A short literature review identified presently known applications of nanoparticles. The 
terms "nanoparticle*" or "nano" were used together with "application*" and "industry*" in 
the search engines pubmed and sciencedirect. Very fast it was clear that the literature 
about industrial applications of nanoparticles was rather meagre and that sources directly 
from research institutes needed to be included. 
 
Self-declared use or production of nanoparticles was searched on Internet and by an 
address collection from the program TopNano21 (19), a list of companies in the field of 
nanotechnology. Company addresses in sectors with known applications were found using 
the list provided on a website on Swiss syndicates: www.verbaende.ch. In other sectors, 
companies were identified with the help of a product-based search engine: 
www.werliefertwas.ch. Additional addresses were found in the yellow pages: 
www.gelbeseiten.ch. 
 
In each sector five of the identified companies were initially contacted by telephone. The 
security manager or another person in charge (such as the head of the company, the line 
responsible, the production manager, etc.) was interviewed with the help of an open 
questionnaire: the type of applications, some key elements for the estimation of a potential 
exposure and the actual safety policy in the company (see also Table 1). The questions 
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included the duration and frequency of the application processes as well as the quantities 
of nanoparticle used (the open questionnaire is shown in the appendix; chapter 7.1.1). At 
the end, the interviewed person was asked whether he/she knew or suspected other 
companies in his sector to use nanoparticles. The hereby-identified companies were 
contacted until a number of about 15 contacts per sector was reached. This approach was 
chosen to obtain as many “positive hits” as possible. Particles smaller than 1'000 nm in at 
least two dimensions were considered as nanoparticles. 
 
Table 1: Short description of the fields of questions used in the guiding form to conduct the 
telephone interviews. The full list of questions is in the annex (in German and French). 
Fields of question  Examples of questions asked in the telephone interview  
Types of nanoparticles What type of nanoparticles is used? 
Key elements for exposure estimation 
How many persons are present and therefore potentially exposed? 
What are the used protection measures to lower the exposure? 
What kind of manipulation is done with the particles? 
What is the quantity of nanoparticles used per day? 
The actual safety policy 
How often are workers informed about the safety risks of nanoparticles? 
Which is the highest-ranked management-level that takes care of the topic nanoparticles 
and safety? 
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3.2. Methods of the representative main study 
3.2.1. Nanoparticle definition 
During interviews in the pilot study (20) many companies indicated that their particles 
suppliers do not systematically provide safety data with information about the size 
distribution. The presence of primary particles could not always be definitely determined 
or excluded. The following definition of nanoparticles was therefore used for this survey: 
 
a) All nanoparticles according to the ISO nomenclature TS 27687:2007 (1). 
b) All particles with mean diameter between 100 to 1000 nm were assumed to contain 
nanoparticles, unless there was concrete information about the size distribution and 
the stability of aggregates. 
c) Agglomerates of nanoparticles with unclear information about the potential 
liberation of primary particles. 
d) All nano-surface treatments applications as long as there was not a defined chemical 
bottom up pathway purely based on polymerisation and proven not to result in 
particle or droplet creation during the application. 
3.2.2. Studied entities 
In the year 2005 statistics of the Swiss insurance law showed 428'908 Swiss companies, 
whereof 14'399 in agriculture, 63'353 in the producing sector and 350'537 in the service 
sector (21). This information is based on the commercial registry for Switzerland for 
active companies with at least one employee. There might be several geographically 
separate units for one company. 
 
For this study, the clients of SUVA (Swiss National Accident Insurance Fund) were 
considered as being representative for the production sector of Switzerland. The reason 
is that by Article 66 of the Swiss accident insurance law, SUVA is the compulsory 
insurance for most of the producing companies (84.1% in the year 2005). The 15.9% 
non-SUVA clients of the production sector were extrapolated assuming that they were 
equal to the SUVA clients. The selection of companies was based on the SUVA client 
list of 2007, with 91'804 companies. 
3.2.3. Survey design and sampling 
The survey was conducted in a stratified (layered) manner expecting an aspects' 
prevalence related to economic branches. The definition of a single economic branch 
corresponded to a SUVA insurance risk class. Among the SUVA clients 
1'900 companies (1.77% of all SUVA-clients) were randomly selected from 21 layers, 
each layer consisting of one or several closely related economic branches (see chapter 
7.2.4 in the annex). The software R version 2.2.1 was used to sample a representative 
selection according to the defined sample size in each layer. 
The survey was conducted in a stratified (layered) manner expecting an aspects' 
prevalence related to economic branches. The definition of a single economic branch 
corresponded to an insurance risk class of SUVA. A total of 1'900 Swiss companies 
(1.77% of all SUVA-clients) were randomly selected from 21 layers, each consisting of 
one or several closely related economic branches. The software R version 2.2.1 was used 
to sample a representative selection according to the defined sample size in each layer.  
 Swiss Nano-Inventory 
13 / 55 
 
The random selection of companies (nh) in each of the layers was proportional to the size 
of the layers (Nh): 
N
n
N
n
h
h
  =  (1) 
with n and N corresponding to the total number of questionnaires (n = 1'900) and the 
total number of companies being clients of the SUVA (N = 91'804). 
The number of selections hn  per layer was:  
 
N
Nn
n hh
⋅
= . (2) 
In layers with only small economic sectors the numbers smaller than 50 were replaced by 
50.  
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A re-evaluation of the number of selected companies in the layers larger than 50 was 
necessary. The values nnew and Nnew were created corresponding to the number of letters 
and the total number of companies for the concerning layers with values hn  bigger than 
the minimal 50:  
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To improve the quality of this survey, a panel of four experts reviewed the different 
economic branches and excluded one layer from the mailing (2x SUVA, 2x Institute for 
Work and Health). This layer consisted mainly of administrative companies: economic 
and technical offices, administrations, travel service and shops, governmental 
administration, post offices, employee placements and programs for temporary 
occupation of non employed. The exclusion of this layer reduced the number companies 
to be surveyed from originally 1'900 to 1'625 and the number of corresponding SUVA-
clients from 91'804 to 78'559, a reduction of 14.4%. For the remaining 85.6% such a 
definitive exclusion could not be made, even though about 38% of the surveyed 
companies were not expected to be in the producing, but in the service sector (22). The 
randomly selected companies for this survey represented finally 2.06% of the SUVA-
clients assumed to be in the production sector. 
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3.2.4. Extrapolations and calculation of the confidence intervals 
The data collected during this survey was extrapolated from the responses to all SUVA 
clients, estimating the real frequency for each layer of a company dealing with 
nanoparticles by the frequency of such a response in the survey. Knowing that only 
84.1% of the Swiss production companies are clients of SUVA (21), a direct 
extrapolation was made to obtain estimates for all Swiss companies with an extrapolation 
factor of 1.19 applied to all layers in equal measure. 
 
The Yes/No-answer to the question if the company had a nanoparticle application was 
considered to be a variable of Bernoulli. The confidence interval for the response YES 
was calculated according to Tillé (23) and Grais (24): each layers' variance of frequency 
was calculated, resulting in the confidence interval for each layers' frequency. For the 
branches not reporting any nanoparticle application no confidence interval could be 
calculated. The variance of the overall frequency estimator, resulting in the confidence 
interval for the overall frequency, was calculated by weighting the different sizes of 
branches. 
 
The number of workers was extrapolated the same way as the number of companies, 
using the frequencies of indicated workers per layer. 5.6% of workers among the 
workers in the production sector were employed by non-SUVA-clients (21). Therefore 
the used extrapolation factor for the number of potentially exposed workers in the 
whole Swiss production sector was 1.06. 
 
The confidence interval for the extrapolation of the number of workers was calculated as 
for a normal stratified selection, according to Tillé (23) et Grais (24). The responses' 
frequency in different layers was weighted by the size of the layers. 
 
Confidence interval for the number of companies: a proportion 
The results of the estimation of an average may be pursued to the estimation of the 
proportion of a population character considering the variable X as a variable of Bernoulli 
(taking the value 1 if the character is present or 0 if it is not).  
ppppp kh ;,...,,...,, 21  (7) 
The proportion of the characters in each layer and in the whole population is: 
fffff kh ;,...,,...,, 21 , (8) 
where the frequency of the observation of an element X as a variable of Bernoulli is: 
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The variance of the variable of Bernoulli within a layer h is: 
)1(2 hhh pp −=σ  (14) 
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and the confidence interval C.I. (using the standard error SEMh) is: 
h
hh
hhh
n
ppfSEMfIC )1(*96.1*96.1.. −±=±=  (15) 
The variance of the estimator V* is estimated by: 
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Confidence interval for the number of workers 
Based on Tillé (23) et Grais (24) the confidence interval of the number of concerned 
workers in each layer is calculated as follows. The weighting f is calculated on N the total 
number of companies (SUVA clients) and n the number of selected companies: 
N
nf =  (17) 
The corrected variances of the population ( 2yS ): 
( )
∈
−
−
=
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ky yyN
S 22
1
1
, (18) 
where k is the selected element, U the total population and y the measured aspect. The 
corrected variances of the layer ( 2yS ) can then be estimated without bias by ( 2ys ): 
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∈
−
−
=
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n
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22 ˆ
1
1 , (19) 
where ( sryˆ ) is the average of the measured elements weighted according to the 
stratification. 
The variance of the estimator of the average ( ( )yVˆ ) can be estimated by: 
( ) ( ) 21ˆ ys
n
fyV −=  (20) 
where ( )SRyV ˆ  is the estimator of the variances of each layer. 
For this layered survey, the confidence interval of the total number of workers was 
calculated as follows: The weighting fh based on the Nh the total number of companies 
per layer and nh the number of selected companies per layer: fh = nh/Nh.  
The corrected variance of the population ( 2yS ) was estimated by ( 2ys ): 
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where k is the selected element, y the measured aspect and h the layer. The variance of 
the estimator of the average ( )styV ˆ  was calculated by: 
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where ( 2yhs ) is the variance of each layer and ( sty ) corresponds to the layers' average 
weighted in function of the layering. 
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3.2.5. Data collection (questionnaire) 
The usage of nanoparticles in the companies was evaluated by a mailed questionnaire. 
The questionnaire was inspired by the questionnaire of the German Federal Institute for 
Occupational Safety and Health (13) and contained the following fields of questions: 
 
• Focused on general aspects: yearly turnover, stock size, transport frequency, 
composition and size of nanoparticles 
• Focused of the handling during the process: manipulations of the particles during 
the process, means of protection utilised and number of workers present at the 
process 
• Focused on environmental aspects: type of waste treatment and ventilation of the 
production hall 
3.2.6. Data validity check 
The data of all questionnaires were checked for coherence and clarified with the 
respective company before processing.  
 
The data of the negative answers (the majority) were single entered by hand, using the 
software Epidata (EpiData Association, Denmark: www.epidata.dk) and electronically 
checked by an electronic questionnaire reading software Teleform (Vista, California: 
www.cardiff.com). The questionnaires containing information about the presence of 
nanoparticles were typed twice by hand instead of an electronic reading. This double 
entry of the questionnaires' data allowed calculating the data entry error rates. 
 
To test for potential misunderstandings by the companies a random sample among the 
companies returning the questionnaire with “no sub/m-particle application” was 
contacted by phone to verify the response. A limit of 5 phone call trials for a company 
was fixed before replacing the company in the list. The companies were specifically 
asked about those nanoparticle applications, which were described in literature to be 
possible in their domain. The minimal necessary sample size for the verification of the 
answer "no such application" was calculated with the formula “binom.test” in S-Plus 6.2. 
3.2.7. Two complementary surveys 
In order to enhance the quality of the survey output, two types of company groups were 
investigated additionally to the representative survey: 
 
a) Top-99 survey: the ninety-nine largest Suisse companies in terms of number of fulltime 
employees employ about 400'000 employees (or 21.9% of the total employees 
insured by SUVA). Only a few of these companies would be selected in a random 
sampling of 1'626 companies. Therefore an additional survey of the ninety-nine 
largest companies in terms of number of 100% employees was conducted. Branches 
with a high percentage of administrative and financial institutions were excluded. 
The excluded sectors are detailed in chapter 7.1 of the annex. This survey 
represented the group of the largest Swiss companies and filled this potential 
information gap of the main survey. 
 
b) Targeted survey: the approach of the statistic plan, which grouped several economic 
branches of different sizes into one layer, bears the potential problem that 
companies of a smaller economic branch could be statistically underrepresented in 
the random selection. To fill this potential loss of information the targeted survey 
selected therefore companies in sub-layers, which were found to be statistically 
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underrepresented in the layered sample. The panel of four experts indicated in 
particular the large companies as potentially interesting in terms of potential 
nanoparticle applications. 195 companies were selected by means of following rule: 
all companies >100 employees of the branch "metal", >500 of the branch 
"electronics", "information techniques", "medical- and dental techniques", "watch-
making and jewellery", >50 of the branch "surface / galvanic / use of lacquers", >50 
of the branch "paper / cardboard", >25 production of "paints / lacquers", >50 of 
the branch "painter / plasterer"). This additional, targeted survey was not designed 
to be representative; instead it should fill a potential information gap of the 
representative survey. 
3.2.8. Ethics 
The companies were clearly informed in the front page of the questionnaires that all data 
would be transferred to their accident insurance company (SUVA) but otherwise be 
treated confidentially. The responding person had to sign the answered questionnaire 
and state that he/she filled it to the best of his/her knowledge. The job function of the 
responding person was registered. 
3.2.9. Data evaluation 
Variable definition: The basic aspect of this survey was the fact of having or not having a 
nanoparticle application, this variable was therefore chosen as the depending variable. 
The representativeness of the selected sample was studied on the basis of the company 
size as an independent variable, broken down into four size categories. The sizes of the 
companies were clustered into four different size groups according to the information 
from the Swiss federal statistical office (SFSO) (25): 1-9 employees, 10-49 employees, 
50-249 employees and 250 and more employees. A comparison between the SUVA-
clients and all Swiss production companies was made on the same basis.  
 
The reported prevalence of nanoparticles in the companies was compared to the 
response rate and the size of the companies in terms of number of employees.  
 
The reported nanoparticle usage was explored by the economic branches, types of 
nanoparticles and used protection measures. 
 
The reported prevalence of nanoparticles in the companies was compared to the 
response rate and the size of the companies in terms of number of employees. 
 
The reported nanoparticle usage was analysed by economic branch, type of nanoparticles 
and used protection measures. 
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4. Results 
4.1. Results of the pilot study 
The below stated results of the pilot study were published in a scientific journal in January 
2008 (20). 
4.1.1. Source selection 
The sources mentioned in Table 2 were chosen to obtain a comprehensive picture of 
nanoparticle applications. Several other sources, to include international WebPages, were 
searched. However, they did not propose other, not yet mentioned application types. 
 
Table 2: Sources to identify potential applications of nanoparticles in the industry for the 
elaboration of the targeted survey of the pilot study. 
University/ Organisation Link Last accessed 
University of Ulm http://wwwex.physik.uni-ulm.de/vortraege/StudiumGenerale/Nanot_0.htm 24.09.2008 
Technologiezentrum GmbH, 
Düsseldorf http://www.zukuenftigetechnologien.de/11.pdf 24.09.2008 
INM: Institute for New 
Materials, Saarbrücken 
www.inm-
gmbh.de/htdocs/technologien/schwerpunkte/schwerpunkte_de.htm  27.02.2006
*) 
 
*) The cited INM webpage has meantime been removed. However, similar information are presented on following page of the INM:  
www.inm-gmbh.de/forschung/?PHPSESSID=74b4e577602546b7c8d7b328f576aa88 
 
Table 3 shows syndicates of sectors with an address-list with more than 15 contact 
addresses. The search was conducted by the Internet database www.verbaende.ch, a 
database of syndicates. Other databases used were the database to search a company by a 
product type www.werliefertwas.ch and the yellow pages www.gelbeseiten.ch. Probably 
not all company sectors were identified. In addition, several applications were identified 
for which no contacts could be found. 
 
Table 3: Sectors with potential applications for the pilot study, found on the syndicate search 
page www.verbaende.ch, on the yellow pages www.gelbeseiten.ch and on the product based 
company search page www.werliefertwas.ch 
By the syndicate list www.verbaende.ch By the yellow pages www.gelbeseiten.ch 
Printing production Tyres 
Paint production Milling 
Cosmetics production Powder-Production 
Varnish production Coating 
Paper production Batteries 
Chemical production  
Plastic production  
Cleaning agent production  
Feeding stuff production By the database www.werliefertwas.ch 
Food science Filters 
Microelectronic production Gravure printing 
Sensors Deing factor 
Clock production Clock industries (complementar) 
Construction materials  
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4.1.2. Identified application-fields in Swiss companies 
The following application-fields, indicated by the literature sources, were found in the 
Swiss industry. Table 4 shows the different sources and the corresponding possible 
application fields. The fields of possible applications are sometimes larger than the 
applications identified by the survey but they lead to the presumption that other 
applications in the same field may be used in similar companies. 
 
Table 4: Fields of application found in Switzerland by the pilot study, (source that defined this 
application: VDI = Technologiezentrum, Düsseldorf - Germany1, Uni Ulm = University of Ulm - 
Germany2, INM = Institut für neue Materialien of Saarbrücken – Germany) 
Possible application fields Found in the sector Source 
Pharmaceutical research Research Uni Ulm 
Fine mechanic, optics, analytics Surface coating Uni Ulm 
Lubricants Optics Uni Ulm 
Chemical-mechanical polishing Else VDI 
Chemical or physical particle production (colloids, pigments, dispersions, 
powder) Powder production Uni Ulm 
Corrosion-inhibitor Surface coating Uni Ulm 
Ceramics  Else Uni Ulm, VDI 
Paintings and pigments (hybrid and effect) Paintings Uni Ulm 
Functional coating, anti-adhesive and defogging agents, Scratch-resistant Surface coating Uni Ulm, INM 
Varnish-effects and varnish-follies Paintings Uni Ulm 
Super hard alloys Metal treatment Uni Ulm 
Food production (milk, juices, brewery) Food INM 
Sunscreen Cosmetics VDI 
Cleaning Cleaning VDI 
4.1.3. Types of nanoparticles 
Table 5 shows the types of nanoparticles identified by the pilot study. About 20 types of 
nanoparticles were identified that are used by the companies interviewed. The 
application methods were characterised as liquid, powder or else. SiO2 and TiO2 were 
the two predominant nanoparticle types. For eight types of nanoparticles, only one 
company was found. Up-scaled usages (kilo-tons per year) were found for iron oxides, 
TiO2 Ag, AlO3, and carbon black nanoparticles. Particles smaller than 1000 nm were 
considered in six companies as potential nanoparticles. There were slightly more liquid 
than powder applications (30 and 25, respectively). Note that in several companies, more 
than one type of nanoparticle was identified and that some companies only bought and 
resold products with nanoparticles. The number of total employees showed that also 
very small companies could use large amounts of nanoparticles (e.g. silver-particles). 
Note that in several companies, more than one type of nanoparticle was identified and 
that some companies just bought and resold a product with nanoparticles. 
                                                     
1 www.zukuenftigetechnologien.de/11.pdf, last access: 23.09.2008 
2 wwwex.physik.uni-ulm.de/vortraege/StudiumGenerale/Nanot_20.htm, last access: 23.09.2008 
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Table 5: Types of nanoparticles, quantity of nanomaterials used and total number of employees in 
the companies identified by the pilot study. 
Identified 
nanoparticles 
types 
Number of 
companies  
Employees 
total in all 
companies 
Quantity 
used per 
year [kg] 
Type of application (number of companies) 
Ag 3 22 3'100 liquid (3) 
All types (d) 2 86 1 liquid (1), powder (1) 
Al-ox 1 1'700 5 solid (1) 
Carbon black 3 325 1'365'001 liquid (1), powder (2) 
Carbon nanotubes 1 45 1'000 not known (1) 
Fe-ox 2 140 365'000 liquid (1), powder (1) 
Organic particles 
(a) 
2 280 380 powder (2) 
Polymer 3 460 102'500 liquid (3) 
SiO2 15 (b) 3'906 75'438 liquid (6), powder (7), liquid/powder (2) 
SiO2 & carboxyl 2 835 300 liquid (2) 
TiO2 (c) 6 950 435'466 liquid (1), powder (4), liquid/powder (1) 
ZnO 2 530 70'365 powder (2) 
Unknown type 6 4'281 504 liquid (3), powder (1), solid (2) 
Total sum 48 13'560 2'419'060 liquid (21), powder (19), liquid/powder (3), solid (2), unknown (1) 
 
Some applications were mentioned without further specification: Pigments, cellulose, diamond and (unspecific) metal oxides. (a) Two 
companies specified micro-fine organic particles smaller than 200nm, used in sunscreen; (b) Three companies declared the use of 
SiO2 particles with an average size between 100nm and 1mm; (c) One company declared the use of TiO2 with an average size bigger 
than 100nm, but smaller than 400nm; (d) One company produced mills for particles and had therefore all types of particles that can be 
milled - but only small test-quantities. Another produced powder types according to customer specification. 
4.1.4. Range of nanoparticle quantities  
Figure 2 shows the distribution of the quantities of nanoparticles used per year by the 
companies that use or produce particles (without research institutes and pure re-sellers). 
The class definitions were less than 100kg/a, which is more a research sector than a 
production; until 1000kg/a, which resembles a small production; until 5t/a, which still 
resembles a small production; until 25t/a representative for an up-scaled production of a 
small company; and until 100t/a respectively more than 100t/a represents a very up-
scaled production. The range of quantities reached from “some grams” per year to one 
thousand tons per year3. The majority of the companies using or producing particles had 
less than a tonne per year. The average quantity was 40 tons, the median 100 kg. Several 
companies were identified that can be classified as “ re-sellers”. Of these 17 re-sellers, 6 
bought and sold pre-packaged solid products containing nanoparticles e.g. surface 
treated metal parts (therefore not registered in this report), 11 bought and sold products 
that had been treated abroad with nanoparticles (therefore registered in this report), 
some of the companies did not comment the quantity of used nanoparticles. No 
information was available on the quantities of nanoparticles contained in some products 
(e.g. textile coatings) 
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Figure 2: Number of companies identified by the pilot study to use or produce quantities of 
nanoparticles per year in the shown scale of turnover (n=43). 
                                                     
3 The top producer declared the production as “pilot plant”. 
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Table 6: Quantity of nanoparticles (NP) identified in the different sectors with different types of nanoparticles [estimated 
weight/year] identified by the pilot study, and a short description of the applications (n=43). 
Se
ct
or
 
Si
O
2 
Fe
-O
x 
T
iO
2 
A
g 
Z
nO
 
A
l-O
x 
C
ar
bo
n 
bl
ac
k 
N
um
be
r o
f 
co
m
pa
ni
es
 
w
ith
 N
P 
/ 
in
te
rv
ie
w
ed
 
Tyres        0/3 
Watches/optics        1/12 
Cosmetics (t), coating of 
UV-
protection 
particles 
 (100t), UV-
protection 
 (100t), UV-
protection 
  6/15 
Food and food- packaging (kg to t), 
fluxing agent 
separating 
agent, carrier 
      4/13 
Milling machines (g to kg), 
tests 
(g to kg), 
tests 
(g to kg), 
tests 
(g to kg), 
tests 
(g to kg), 
tests 
(g to kg), 
tests 
 1/2 
Paints (g to t), 
varnish, 
hydrophoby 
  (t), varnish    5/16 
Surface coating (g to kg), 
ceramics, 
wood-
surfaces 
  (t), anti-
micro-biotic 
coating 
   7/15 
Paper  (100t), 
binder/ 
retention 
agent 
    (100t), inkjet-
paper 
(>100nm) 
 2/12 
Printing and packaging (N/A), UV-
protection 
      2/14 
Plastics  (kg to 100t), 
plastic 
(kg to 100t), 
plastic 
   (1'000t), 
glue/rubber 
2/11 
Powder-production ("not much"), 
powder; 
(g to kg), 
research 
(g to kg), 
research 
("not much"), 
powder;  
(g to kg), 
research 
(g to kg), 
research 
(g to kg), 
research 
("not much"), 
powder;  
(g to kg), 
research 
("not much"), 
powder;  
(g to kg), 
research 
2/8 
Sensors, micro-electronics      (kg), fire-
protection 
 2/13 
Textiles (kg to t), 
coating 
      4/17 
Metal surface        0/13 
Cleaning products   (kg), 
stabilisator-
elutriation  
    1/14 
Pharmaceutical products (t), dental, 
rheologic 
additives, 
pigments; 
      3/12 
Other (g), polishing       1/7 
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4.1.5. Size of the identified companies 
Table 7 presents the size of companies using nanoparticles, estimated from the number 
of the total employees. It shows a peak of “middle”-sized companies. The federal 
definition of company sizes is as follows (Bundesamt für Statistik, 2001) – micro is 
smaller than 10 employees, small <50 employees, middle <250 employees and big >250. 
 
Table 7: Distribution of the size of companies, which stated in the telephone interview of the pilot 
study to use nanoparticles. Re-sellers shown in the graph bought and sold products that had been 
treated abroad with nanoparticles. 
Size of companies in terms of number  
of employees 
Number of companies using or 
producing nanoparticles 
Number of companies reselling the 
nanoparticles 
0-9 employees 8 3 
10-49 employees 10 3 
50-249 employees 22 3 
>250 employees 7 0 
N/A 8 2 
Sum of Frequency 55 11 
 
Table 6 shows the quantities and applications of the seven most used nanoparticle types 
sorted by sector. The row “carbon black” is probably incomplete – this type of powder 
has been used for years and may therefore not be identified as partially containing 
nanoparticles. Carbon black can be used as pigment, in paintings, in plastics and even in 
some application of electronics. Note that several companies are present in two or more 
sectors and that the proportion of companies with and without nanoparticles is clearly 
influenced by the targeting structure of the pilot study and does not necessarily reflect 
the real proportions. Some of the identified companies with nanoparticles do not have a 
production but only buy and resell products with nanoparticles. Companies buying and 
reselling products with “ free” nanoparticles (powders or liquids) were considered to use 
nanoparticles. Surface-treated solids or solid-matrix applications such as wire production 
(no manufacture in Switzerland) were considered as “no nanoparticles”. 
4.1.6. Identified protection measures 
Table 8 shows the protection measures used. Most of the companies working with nano-
powder use several types of protection measurers and many of those working with nano-
liquids use only personal protective equipment. The protection types were: separation 
(the application of closed environments like closed machines or separated rooms); 
airflow (the use of a fume cupboard or a suction device); filter (the use of some air 
filtering system); personal protective equipment (the use of masks, gloves, eyeglasses 
etc.). Few other protection types were indicated. All companies that use powders had 
protection measures, most of them several. Only four companies with liquid-only 
applications provided respiratory personal protective equipment (not detailed the Table). 
 
Table 8: Protection measures used for the different types of application, identified by the pilot 
study. Note that one company could show several protection measures. 
Application type 
versus protection 
type 
Number of 
companies 
identified 
Separation Airflow Filter Personal 
protective 
equipment 
Other 
protection 
No protection 
Liquid 22 3 3 3 12 1 2 
Liquid & powder 2 1 2 2 2 0 0 
Powder 15 9 11 8 11 2 1 
Solid 2 1 0 0 1 0 0 
Type not declared 1 1 0 0 0 0 0 
Type not known 1 0 0 0 0 0 0 
Total 43 15 16 13 26 3 3 
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The number of companies per size-group (Table 9) was sometimes very small, but there 
was a tendency for most increased number of protection measures in the small to middle 
sized companies. 
 
Table 9: Protection measures of companies (n=34), which declared in the pilot study interviews to 
handle nanoparticles, compared to the size of these companies. Note that one company could 
show several protection measures. 
Type of protection Separation 
Airflow / 
pressure 
difference 
Filter 
Personal 
protection 
equipment 
Other protection 
types No protection 
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Micro (n=3, total  
employees=13) 
1 1 8% 1 1 8% 1 1 8% 3 13 100% 1 1 8% 0 0 0% 
Small (n=6, total  
employees=140) 
2 50 36% 3 75 54% 3 75 54% 4 100 71% 1 10 7% 1 30 21% 
Middle (n=19, total 
employees=2'255) 
9 1'145 51% 10 1'170 52% 8 945 42% 15 1'820 81% 1 230 10% 1 130 6% 
Big (n=6, total  
employees=8'820) 
3 4'270 52% 2 1'150 14% 1 400 5% 2 1'900 23% 0 0 0% 1 1'700 21% 
4.1.7. Sectors that may use nanoparticles but were NOT contacted in the pilot study 
Table 10 shows the application mentioned in literature for which no companies were 
identified in the pilot study (e.g. no hospital was identified that routinely uses 
nanoparticles).  
 
Table 10: Possible sectors and applications that were not contacted during the telephone survey 
Sector Possible Application 
Fire protection materials Fire extinguishing agent, fire barriers 
Pharmacy/medicine  Medical targeting, drug-delivery, magnetic particles, implants, Magnetic Resonance Imaging contrast agent 
Electronics  Quantum construction elements, digital memory, background lights, electro conductive coatings*) 
Material science  Fullerenes/Carbon NanoTubes, integral parts of cars and engines, materials for light constructions, gasholder, membranes, high speed embossing processes 
Laboratory tools  Chromatography, bio detection and labelling, bio magnetic separations, catalytic converters 
Surface applications  Photo catalysts, anti graffiti, thermal spray coating 
 
*) One company stated, that particles are not yet used in production. Instead, airborne nanoparticles were considered as a source of 
quality problems. 
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4.1.8. Ranking of the interviewees' concern about nanoparticle-exposure 
The interview-partners' concern about nanoparticle-exposure in their company was 
noted during the phone call.  
Figure 3 shows this rather subjective impression about the knowledge and the way the 
interview-partner answered the questions. 
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Figure 3: After each telephone call the interview-partners were rated regarding their concerns 
about nanoparticle exposure in their companies. For the three levels of concerning (low, middle 
and high) the distribution of the internal sum of company size and production size is shown 
(n=36 for production size, n=43 for company size). Note that information was gained by the pilot 
study in the year 2006; the public awareness of nanotechnology and risk might have developed 
since. 
 
Figure 4 A) shows the highest level of management being involved in the topic of 
nanoparticles. In many cases the respondents were unsure about this point and one 
company had no designated person in charge of the topic. The top management of very 
small and very big companies tended to be more implicated in the topic nanoparticles 
and environment/health/safety (EHS) than the one of medium sized companies. 
 
Figure 4 B) shows how often the persons in charge inform themselves about risks of 
nanoparticles. "Rarely" and "often" were the predominant answers. 
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Figure 4: A) Level of the highest-ranked management that takes care of the topic " nanoparticles 
and safety"  (n=43). B) Self-information frequency of the respondents about the topic " nano-
particles and EHS"  (n=43). 
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4.2. Results of the main study 
The below stated results of the main study have been submitted in August 2008 for 
publication in a scientific journal.  
4.2.1. Response rate and sample representativeness 
In the layered survey the average response rate was 58.3% (947 of 1'626 companies) and 
all twenty layers showed a response rate higher than 45%. The size distribution in the 
survey sample was compared to the size distribution of the SUVA-clients (22) and all 
production companies of Swiss industry (25). 
 
Table 11 shows that the proportions between the subsets were similar, however, it also 
showed a tendency towards an over sampling of larger companies (2.0% versus 1.1%) 
and an over representation of the large Swiss companies by SUVA clients 
(1.1% versus 0.6%). 
 
Table 11: Comparison of the company size distribution in percent of each subset: all Swiss 
production companies, all SUVA-clients, the layered survey sample and the responding subset. 
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Industrial sector of the Swiss industry 79.4% 16.6% 3.4% 0.6%  100% (72'540 companies) 
SUVA 72.5% 21.4% 5.1% 1.0%  100% (91'804 companies) 
SUVA (without removed sector) 71.2% 22.3% 5.4% 1.1%  100% (78'559 companies) 
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Figure 5: Visualised form of Table 11. Comparison of all Swiss production companies, all SUVA-
clients, the layered survey sample and the responding subset. 
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No significant difference was observed between the response rates of the different 
language regions of Switzerland German 58.4% (702 of 1'202 companies replied), 
French 56.4%  (185 of 328 companies) and Italian 62.5% (60 of 96 companies). 
 
The two complementary surveys showed similar response rates: 65.6% (128 of 195 
companies replied) for the targeted survey and 64.6% for the Top-99 (64 of 99 
companies). 
 
The questionnaires were signed by members of the management in 54% of the 
responding companies, by administration personnel (17%), by health and security staff 
(10%), by human resources (4%), by workers (3%) and by environment/health 
specialists in less than one percent. Of all returned questionnaires 82% did indicate the 
function of the responding person. 
4.2.2. Nanoparticle prevalence 
Of the companies stating that they handle nanoparticles, four were excluded: one 
chimney sweep reporting soot, one carpenter reporting by error a particle application as 
detected during a quality control call, one company reporting the smoke of a miller 
process and one company using metal pieces that had a surface layer based on a nano-
polymer without particles (SUVA verified independently this statement). 
 
The following number of companies declared handling nanoparticles and were after a 
check taken into account: fourteen of the 947 responding companies in the main survey, 
seven of the 68 responding companies in the Top-99 survey and twenty of the 
131 responding companies in the targeted survey. Among the fourteen companies 
declaring a nanoparticle application twenty-four workers were declared to deal directly 
with nanoparticles or products containing nanoparticles. The proportion of women 
among these indicated workers was smaller than ten percent. 
 
The response rate of the companies seemed to depend on the size of the companies. 
Figure 6 shows that the response rate increased with the company size. The percentage 
of reported nanoparticle application also increased with the size of the companies. 
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Figure 6: Response rate and percentage of companies reporting the use of nanoparticles 
compared to the company size (number of employees). Both, the answer rate and the percentage 
of companies dealing with nanoparticles increased with the company size. The data of the 
additional survey Top-99 are in support of the tendency for more frequent nanoparticle 
applications in larger companies. 
 Swiss Nano-Inventory 
27 / 55 
In order to verify the answer "no nanoparticle application", a random sample of fifty-
nine companies was contacted by phone calls: this was the necessary sample size to 
reject at 95% false negative. The companies were selected among the ones declaring that 
they did not deal with nanoparticles. The interview partners (normally the ones whose 
name figured on the questionnaire) were asked about the usage of nanoparticles. Specific 
questions were asked about applications, that were known in literature for this economic 
branch (10). The answers "no such application" were shown not to be based on a 
misunderstanding for all fifty-nine companies. 
4.2.3. Extrapolation from survey to SUVA and from SUVA to Switzerland 
Table 12 shows in percent per layer the SUVA clients dealing with nanoparticles. These 
responses of the main survey were extrapolated to all clients of SUVA, and weighted 
according to the size of each layer: the 95% confidence interval for this extrapolation is 
shown in parentheses. Among all SUVA-clients, 493 companies (122 to 864) or 0.6% 
(0.2% to 1.1%) are expected to deal with nanoparticles. Table 12 shows the reported 
percent of workers among the SUVA client companies the extrapolated percentage of 
workers dealing with nanoparticles and the resulting number of expected workers in 
Switzerland. The number of workers in the layer "Trade" was interpolated from the 
average of the other layers. Table 12 shows only the extrapolation of the workers in 
direct potential contact to the nanoparticles. An average of 2.5 workers per company 
working directly with nanoparticles or products containing nanoparticles was reported, 
while an average of 4.3 people was reported to work in the same room.  
 
The expected total number of companies and workers in Switzerland was extrapolated 
based on the percentage of companies and workers among the SUVA clients: for the 
number of companies a factor of 1.19 was used and for the number of workers a factor 
of 1.06 was applied to all layers in equal measure. A total of 0.6% (0.2% to 1.1%) of 
Swiss companies is expected to deal with nanoparticles. This corresponds to 586 
companies (145 to 1'027). Among the Swiss workers, 0.08% (0.06% to 0.09%) faces a 
potential exposure to nanoparticles by handling a nanoparticle application. This 
corresponds to 1'309 workers (1'073 to 1'545). A total of 0.2% (0.17% to 0.22%) is 
present in the same room as a nanoparticle application, which corresponds to 
3'403 workers (2'990 to 3'816) being potentially exposed due to a close workplace to the 
nanoparticle application. 
 
The survey did not reveal any information about nanoparticle applications in some 
branches. No confidence interval for the result "0%" could be calculated with the 
formulas 20-22 (chapter 3.2.4), despite known applications by other surveys (e.g. by the 
additional surveys or the pilot study).  
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Table 12: Percentage of companies (SUVA-clients) dealing with nanoparticles and percentage of workers reported to deal with a nanoparticle 
application. Branch with interpolated number of concerned workers per company from the average of the other layersa; overall response rateb; 
average weighted by layerc. 
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Chemical Industry 633 11 50 45 73% 21.2% 134 (46 to +223) 27.2% (12.1% to 42.4%) 160 79'856 1'330 0.53% 34% 420 445
Ceramics and Glass 334 6 50 49 63% 6.5% 22 (-7 to +50) 4.4% (0% to 11.6%) 26 7'035 1'326 0.23% 1% 16 17
Surface Modification 366 6 50 43 60% 3.8% 14 (-13 to +41) 2.9% (0% to 9.3%) 17 6'761 675 0.30% 2% 20 21
Stone 248 4 50 50 64% 3.1% 8 (-7 to +23) 1.6% (0% to 5.9%) 9 1'856 109 0.92% 1% 17 18
Trade 3'506 59 59 58 69% 2.5% 88 (-82 to +257) 17.8% (5.9% to 29.6%) 104 153'585 1'119 0.22% 28% 343 364
Electrotechnics 5'524 93 93 92 57% 1.9% 106 (-100 to +312) 21.6% (10.4% to 32.7%) 126 195'689 763 0.13% 21% 256 272
Automobile  11'283 190 190 186 50% 1.1% 121 (-115 to +358) 24.6% (15.9% to 33.4%) 144 100'282 617 0.16% 13% 163 172
Building/Construction, Internal 16'301 275 275 265 48% 0% 0 0% 0 132'186 1'062 0% 0% 0 0
Metals 3'862 65 65 62 66% 0% 0 0% 0 80'555 602 0% 0% 0 0
Engine Construction 4'481 76 75 72 64% 0% 0 0% 0 143'783 1'313 0% 0% 0 0
Carpentry 5'670 96 95 95 56% 0% 0 0% 0 50'335 347 0% 0% 0 0
Paper and Printing 1'441 24 50 49 53% 0% 0 0% 0 55'587 1'313 0% 0% 0 0
Plastics or Polymers 778 13 50 48 69% 0% 0 0% 0 27'080 2'069 0% 0% 0 0
Textiles and Leather 1'172 20 50 49 69% 0% 0 0% 0 25'915 465 0% 0% 0 0
Food and Agriculture 447 8 50 48 69% 0% 0 0% 0 49'271 4'456 0% 0% 0 0
Public Institutions/Administration 2'985 50 50 50 64% 0% 0 0% 0 139'439 932 0% 0% 0 0
Building/ Construction, External 10'364 175 175 167 55% 0% 0 0% 0 141'348 1'564 0% 0% 0 0
Public and Private Transportation 5'666 96 95 93 60% 0% 0 0% 0 129'295 1'814 0% 0% 0 0
Electricity 3'394 57 57 55 49% 0% 0 0% 0 70'202 769 0% 0% 0 0
Workplace integration for disabled 281 5 50 49 84% 0% 0 0% 0 32'702 5'235 0% 0% 0 0
Sum (numbers) /Average (%) 78'736 1'328 1'679 1'625 58%(b) 0.63% 586 1'622'762 27'880 0.076%(c) 100% 1'235 1'309
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4.2.4. Economic branches with nanoparticle applications 
The weighted average of companies dealing with nanoparticles was calculated 
based on the number of represented SUVA-clients per layer and the sum them.  
 
Figure 7 A) shows, how companies dealing with nanoparticles are distributed 
among the economic branches. Following branches not showing any applications 
in the survey are presented as "others": building/construction internal, metals, 
engine construction, carpenter, paper and printing, plastics and polymers, textiles 
and leather, food and agriculture, public institutes/administration, 
building/construction external, public and private transportation, electricity, 
workplace integration for disabled.  
 
Figure 7 B) shows how potentially exposed workers are distributed among 
economic branches. The frequency of potentially exposed workers was highest in 
the chemical industry, followed by trade, electrotechnics and automobile related 
companies. The branches surface modification, stone and ceramic / glass showed a 
low potential exposure of their workers. 
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Figure 7: Distribution of companies with nanoparticle applications within the Swiss 
production sector: A) by company from the different branches, B) by the number of 
workers in these branches. 
 
Figure 8 A) shows the average material stock size and Figure 8 B) the average 
yearly turnover of nanoparticles per company. The responses about the stock size 
ranged from grams to around a ton, no company in the main survey reported a 
stock or a yearly turnover of nanoparticles larger than 5'000 kg. Stocks and 
turnovers of more than a ton were only reported in the targeted survey: two 
companies reported a stock of around a hundred tons (organic pigments and 
carbon black). 
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A) Size of stock
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B) Yearly turnover
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Figure 8: Frequency of the indicated stock sizes and yearly turnover of nanoparticles 
among the companies declaring a nanoparticle application is shown in A) stock size and B) 
yearly turnover of nanoparticles. 
Two more layers with nanoparticle applications were identified by the targeted 
survey: outside building construction and paper / print. 
4.2.5. Type of nanoparticles 
The reported nanoparticles were grouped into inorganic, organic, metallic (pure 
metal), and undefined nanoparticles. Nanoparticles of inorganic nature were 
reported to be used most: a range of 0.1 to 5'000 kg with an average of 1'426 kg. 
Organic nanoparticles were reported to be used with an average 365 kg in the 
range of 10 to 1'400 kg. Only one company reported the use of silver nanoparticles 
in a liquid application of 500 liters at 100 ppm. 
 
The Top-99 survey showed results similar to the main survey. The targeted survey, 
however, showed greater amounts of nanoparticles: a paint-production company 
reported one hundred tons of powder based organic pigments and showed that in 
more than the found economic sectors nanoparticle applications can be found: a 
paper production company using a CaCO3-slurry reported a yearly turnover of 
several hundred tons of inorganic nanoparticles. 
4.2.6. Protection measures 
Figure 9 shows the types of measures used to protect workers in the companies 
reporting a nanoparticle application. The data are shown weighted by the number 
of companies with nanoparticle applications. None of the reported single 
protection means showed a clear predominance over the others: personal 
protective equipment, technical measures as well as organisational measures were 
used. The use of personal protection equipment was predominant for powder 
applications and the enclosure of a process for liquid only applications. Workplaces 
without any specific protection were uniquely reported in combination with liquid-
only applications. 
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Figure 9: Types of worker protection measures used in companies of the Swiss production 
sector. Frequence of companies using liquid or powder applications. No company used 
nano-powder without some kind of protection. 
 
Figure 10 shows the types of environmental protection measure used for 
nanoparticle applications. Most companies did not apply measures to specifically 
protect the environment. 
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Figure 10: Types of environmental protection measures used in companies of the Swiss 
production sector. The non-usage of protection measures was predominant over their 
usage. 
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5. Discussion 
The Nano-Inventory was created in two steps, which both provided insight on different 
aspects assessing the potential occupational exposure to nanoparticles in Swiss industry. 
 
The pilot survey was designed to prove the feasibility of a written survey and to gain detailed 
information about the handling of nanoparticles and the application of specific means of 
protection in industry. However, the pilot study was a targeted study and lacked the 
important information: the number of companies and workers dealing with nanoparticles. In 
order to gain this information, the main study was designed as representative survey among 
Swiss companies of the productive sector. 
5.1. Discussion of the pilot survey  
In the pilot study 198 companies that were believed to be potentially dealing with 
nanoparticles were interviewed. Fifty-five of them reported the presence of 
nanoparticles and 44 companies had some sort of application or production of 
nanoparticles. Almost all safety managers in all sectors answered our questions about 
nanoparticle applications and protection measures. Many of them gave detailed 
information, which allowed the pilot study not only to provide a first impression 
about types and quantities of nanoparticles used in the Swiss industrial sectors 
investigated, but also gave a rather detailed picture of the manner in which 
nanoparticles were handled.  
 
The quantities of nanoparticles used ranged from a few grams to very large-scale 
production in thousands of tons: namely Ag, AlO3, Fe-Ox, SiO2, TiO2 and ZnO2. 
However, the majority of nanoparticle applications were on a small production scale. 
Applications were identified in the fields coatings, cosmetics, food/animal 
food/food packing, metal, optics, paints, powder production, research and surface 
treatment. The means of protection seemed to be adapted to the type of applications 
used (liquid, powder, solid etc.). Most liquid application protections assumed that 
nanoparticles would not become airborne (no airways protection). 
 
More Information was obtained about which kind of means of protection was 
applied with each type of application. The information about who was using the 
nanoparticles (in terms of company size) was, however, potentially biased due to the 
targeted design of this pilot study: it is most likely that not all sectors and 
applications using or producing nanoparticles were identified. 
 
The respondents to the interviews of the pilot study had many open questions about 
best practices, which pointed to the need for rapid development of guidelines and 
protection strategies. This was, however, in 2006 and the first versions of such 
guidelines have since been published. In 2008 ISO published a list of unambiguous 
terms and definitions related to particles in the field of nanotechnologies. These will 
help current and future discussions about protection measures (1). 
 
Nevertheless, for the follow up of the pilot study, the information about the 
occurrence of nanoparticles in the sectors investigated was important and showed 
that nanoparticles are already a reality in Swiss industry. It supported the need of a 
representative study. The accuracy of the information gained about the handling of 
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nanoparticles gave weight to the feasibility of a written survey and helped to design 
the questionnaires. The results of the pilot study were published in January 2008 
(20). 
5.2. Discussion of the main study 
The main study is the first representative survey about industrial nanoparticle usage 
in an entire country. The selection of companies included all kinds of industrial 
branches. The study design allowed for the estimation of a) the number of Swiss 
companies using nanoparticles, and of b) the number of Swiss workers potentially 
exposed at their workplaces due to the handling of nanoparticles or being present in 
the same room as a nanoparticle application. 
 
The prevalence of nanoparticle usage was low, with only 0.63% of the Swiss 
industrial companies indicating an application. This is surprising considering 
Switzerland has a long tradition of nanotechnology research and development, and 
has one of the highest levels of nanotechnology patents and publications per capita 
(26). Nanoparticle applications were most frequent in the chemical industry (by 
21% of the companies in this branch). In absolute terms, however, the number of 
companies in the automobile, electrotechnics and trade branches were equally 
important. The low percentages per branch outside the chemical industry suggest 
that they are only slowly introducing nanotechnological materials. This is supported 
by responses about the amounts of nanoparticles used, which ranged from only a 
few grams to several tons, but mostly around a few kilos per year. The representative 
survey only identified "users", but no "producers" of nanoparticles. Only one 
company in the targeted survey reported nanoparticle production. This again 
suggests that the market for nanoparticle applications is still rather young and small. 
 
In terms of potential worker exposure due to a handling of nanoparticles, the 
chemical industry branch showed the largest numbers, followed by the trade, 
electrotechnics and automobile related branch. Across all branches, occupational 
health and safety strategies focused on the use of personal protection equipment. 
Few technical or organisational measures were applied. This suggests that the need 
for protection was well accepted, but that inappropriate means were still used instead 
of the final ones (technical and/or organisational measures). Most companies still 
seem to have considerable room to improve their protection strategies. 
 
This survey was optimized to estimate the expected number of companies dealing 
with nanoparticles rather than to represent the characteristics of the material used 
and their accompanying protection measures in a detailed way. There are other 
studies already investigating the occupational and environmental usage of 
nanoparticles. However, their approach was different and so were the type of 
information gained: the UK's DEFRA study, based on a voluntary reporting system 
(15), has so far had a rather small response rate. The Woodrow Wilson consumer 
product inventory (27) focuses on products described on the Internet presence of 
companies. It excludes companies or products that do not use the term "nano" for 
commercialisation purposes. The BAuA study among German companies surveyed 
the use of nanoparticles in a detailed but unrepresentative sample of companies (13) 
and showed a relatively low response rate. They nevertheless showed similar types 
and quantities of nanoparticles per company as this study of Swiss companies has. 
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Three other studies presented an estimation of the potential occupational exposure 
to nanoparticles in their respective countries: 
 
a) An Italian study investigated the potential use of nanoparticles in industry and 
estimated this by extrapolating the total number of workers per branch in which 
an application was known (28). The numbers found are, not surprisingly, very 
high. However, as the study lacked information about the effective use of 
particles in industry, the results must be considered as a maximum number of 
workers who might potentially be exposed to nanoparticles. The results of the 
study presented here contrast these results, showing that the percentage of 
companies using nanoparticles is probably much smaller. 
 
b) A UK report (29) presented several estimations of the occupational exposure to 
particles and nanoparticles in the UK. One of them estimates the number of 
workers potentially exposed to nanoparticles in the UK to be 2'000. Considering 
that the UK population is about ten times the Swiss population, this number 
seems to be lower than the 1'309 workers estimated for Switzerland. However, 
the UK study focused on specific nanotechnology industries only and did not 
include other kinds of industry. The two studies' estimations might therefore be 
situated in about the same range. 
 
c) A descriptive survey among French companies and laboratories estimated a low 
number of potentially exposed workers in the same range as the UK report: 
2'000-4'000 workers (14). However, as the study focuses on producers of 
nanoparticles, the expected number of workers potentially exposed to 
nanoparticles is 50%-80% per company, which is much higher than the 
percentage presented here, of an average of two workers per company. 
 
SUVA is an organisation which has a very good reputation among its clients for its 
very customer oriented style of working. However, in Switzerland it is also the 
monopoly insurer for accidents in the workplace. In the year 2004 SUVA won the 
Swiss quality award for business excellence for being innovative despite having the 
monopoly (30) in their line of business. The main survey presented here was done in 
collaboration with SUVA, this might explain the high company response rate to the 
survey: the questionnaire was coming from their own insurer. The response rate 
achieved 58% and the high percentage of responses from members of management 
(54%) show that the approach of doing the survey in collaboration with SUVA 
probably helped in achieving a maximum number of sincere quality responses 
describing the Swiss production sector. 
 
The focus of the pilot study and the main survey were complementary. The pilot 
study focused qualitatively on users or producers of nanoparticles and described 
their types of used particles in detail. The main survey on the other hand was 
optimized to evaluate the number or the percentage of Swiss industrial companies 
concerned. 
 
However, the design chosen for the main survey has its limitations. One is that the 
number of companies reporting a nanoparticle application per layer was rather low, 
which leads to relatively large confidence intervals and for several economic sectors 
the result is "zero". A bigger sample size would be necessary to achieve a better 
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distinction between "no applications" and "only a few applications". However, as the 
survey was designed to be representative, a "zero" underlines the result of the very 
low nanoparticle usage in these branches. The confidence interval for the percentage 
of companies dealing with nanoparticles in Switzerland might be influenced by the 
slight over-selection of big companies in the random selection (2.0% in the selection, 
1.1% in the study population). 
 
Two other limitations, which could have influenced the results, are that the 
extrapolation from SUVA clients to all Swiss producing companies could have 
caused an over-estimation, whereas the fact that not all SUVA clients are 
manufacturers could have caused an under-estimation. 
 
a) The extrapolation from SUVA clients to all Swiss companies of the production 
sector was based on the assumption that the 84% surveyed SUVA clients do not 
differ from the extrapolated 16% of non-SUVA clients. However, companies 
that present “ specific dangers” are forced by law to insure their employees 
against occupational accidents with SUVA. If the number of production 
companies among the SUVA clients is over-proportional, then this extrapolation 
might slightly overestimate the number of companies and workers concerned. 
 
b) Of all SUVA clients, 52.4% are producing companies, 46.1% in the service 
sector and 1.5% in the primary sector (21). One layer only was excluded from the 
survey, assuming a high percentage of non-producing companies in this layer. 
The percentage of non-manufacturing companies in the rest of the population is 
expected to be around 30-40%. This reduced the probability of a positive 
response in the random selection and could have led to an under-estimation of 
the nanoparticle usage.  
 
To estimate the real exposure to nanoparticles in Swiss industry, the results of this 
study can be combined at a later moment with the exposure profiles of typical 
workplaces. 
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6. Conclusion 
The combination of all parts of this study provides a good overview on the nanoparticle 
usage in Swiss industry. The pilot survey demonstrated that in some companies large 
quantities of selected nanoparticle types are used. In contrast, the main survey showed a 
small prevalence of nanoparticle applications, small amounts of nanoparticles being used and 
a limited number of affected workers when taking a view across all companies and branches 
of the Swiss industry. This knowledge might be useful for risk-assessment and the 
development of worst-case scenarios.  
 
Personal protection equipment (PPE) was the predominant means of protecting workers. 
Relying on PPE for routine procedures and large-scale production is usually considered as in 
adequate occupational health strategy. Thus, the wide use of PPE and the small quantities 
used support the assumption that this industrial development is still an early stage. This 
assumption is further supported by a study by the European commission (31), which makes 
an analysis of the financial development of the nanotechnology field. The authors concluded 
that the European nanotechnology field is at the beginning of its development. Based on the 
Lux nanotech report 2004 they concluded that the European nanotechnology field would share 
less than 1% of manufacturing jobs in the years 2006-2008 but then would increase to 10% 
in the year 2014. The survey presented here shows a similar proportion of workers 
potentially in contact to nanoparticles in the general workforce. However, the focus of our 
study was on the entire industry, while the European report focussed on nanotechnology 
companies only. 
 
Companies are expected to start full-scale productions of productions with nanomaterials in 
the near future. These companies need to consider incorporating protection measures into 
the plans for new production lines. Technological and organisational protection measures 
need to be the preferred protection methods. This will not only benefit the workers' health, 
but will also likely increase the competitiveness of the companies as technical and 
organisational protection means are not only more cost-effective on the long term, but are 
also easier to control. 
 
The policy makers need to build up strategies to support companies in the responsible 
development towards a safer usage of nanotechnology. The elaboration of industrial 
guidelines has to be of top priority, allowing the companies to take responsibility for workers 
and environment. Such guidelines may have to be designed specifically for different 
industrial applications, including fields outside nanotechnology, and adapted to all sizes of 
companies. 
 
The recently adopted action plan on “Risk Assessment and Risk Management for Synthetic 
Nanomaterials 2006–2009” in Switzerland envisages risk research in the fields of 
nanotechnology which will allow not only the development of safer nanomaterials but also 
the creation of knowledge about the safer handling of these newly developed materials.  
 
 
 Swiss Nano-Inventory 
37 / 55 
7. Annex 
7.1. Annex pilot study 
7.1.1. Guide for the pilot study telephone survey (German and English) 
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7.1.2. Types of application identified in literature 
Table 13: All types of application that were identified in the literature search. VDI = 
Technologiezentrum, Düsseldorf - Germany *), Uni Ulm = University of Ulm * *) - Germany, 
INM = Institut für neue Materialien of Saarbrücken – Germany *** ). 
Applications Source Expected 
sector 
Identified in 
pilot study 
Batteries / fuel cells / condensers  Uni Ulm Else No 
Composites and „Gradientenwerkstoffe“ Uni Ulm Else No 
Supramolecular units Uni Ulm Else No 
Automotive manufacturers and their subcontractors, ceramic components 
of motors 
Uni Ulm Else No 
Materials lightweight construction Uni Ulm Else No 
Gasholder Uni Ulm Else No 
Absorbability elements Uni Ulm Else No 
Catalysers with heightened surface Uni Ulm Else No 
High-speed embossing (flexible CD for Bertelsmann/Topac), 
Holography, light steering 
INM Else No 
New biotechnological and biomedical applications (affinity 
chromatography, immobilisation of enzymes and cells), waste water 
treatment, decontamination of harmful substances. 
INM Else No 
Optical fibres VDI Else No 
Bio detection and labelling VDI Else No 
Bio magnetic separations VDI Else No 
Thermals spray coatings VDI Else No 
Automotive catalyst VDI Else No 
Membranes VDI Else No 
Propellants VDI Else (Army?) No 
Systems of compact nano materials (membranes, strengthened plastics, 
light absorber, aero gels, light emitter) 
Uni Ulm Else, plastics No 
Antimicrobials VDI Food/ -packing No 
MRI contrast agents VDI Medicine No 
Polymer composites or organical-anorganical nano composites as plastics 
for contrasting implants, catheter etc. Nanoparticles as carrier for gene or 
drug targeting, super paramagnetic nanoparticles for cancer therapy. 
INM Medicine, Surface 
coating 
No 
Orthopaedics/implants VDI Medicine/Surface 
coating 
No 
Extra hard alloys Uni Ulm Metal treatment No 
Photovoltaic solar power plant Uni Ulm Microelectronics No 
Quantum components  Uni Ulm Microelectronics No 
Metal pigments for data drives Uni Ulm Microelectronics No 
Background lights Uni Ulm Microelectronics No 
Magnetic fluid seals and recording media VDI Microelectronics No 
Quantum optical devices VDI Microelectronics No 
Photo catalysts VDI Microelectronics No 
Solar cells VDI Microelectronics No 
Rotary movements Uni Ulm N/A No 
Pastes Uni Ulm N/A No 
Resistes Uni Ulm N/A No 
Inductive components Uni Ulm N/A No 
Packaging of integrated circuits Uni Ulm N/A No 
Zeolithe reaktors Uni Ulm N/A No 
Molecular chemionics Uni Ulm N/A No 
Multi layer capacitors VDI N/A No 
Phosphors VDI N/A No 
Components for non linear optics Uni Ulm Optics No 
Hybrid pigments, effects pigments Uni Ulm Paintings No 
Drug targeting (homing of pharmaceuticals) Uni Ulm, VDI Pharma No 
Key-target – material systems Uni Ulm Pharma No 
Nanoemulsions Uni Ulm Pharma/Cosmetic
s 
No 
Crystallites, emulsions, clusters, fullerenes, nanotubes Uni Ulm Powder 
production 
No 
Soft magnets, ferrofluids, magnetic particles Uni Ulm Powder 
production 
No 
Polymers / nano composites, micro system techniques (micro injection 
die moulding), sensors, membranes  
INM Sensors No 
Nano composites with biocompatible surfaces, microbiocidic surfaces  INM Surface coating No 
Alternative for enamel, super scratch-resistant polycarbonate eyeglasses 
with additional functions (UV-, IR-absorption, microbiocidic effects, 
antistatic effects), self structuring systems for transparent blinds on all 
plastics and metals. 
INM Surface coating No 
Antigraffiti INM Surface coating No 
Electro conductive coatings VDI Surface coating No 
Sunscreen VDI Cosmetics Yes 
Ceramic process techniques Uni Ulm Else Yes 
Chemical-mechanical polishing VDI Else Yes 
 Swiss Nano-Inventory 
40 / 55 
Applications Source Expected 
sector 
Identified in 
pilot study 
Production of food (milk, juices, brewery) INM Food Yes 
Lubricants Uni Ulm Optics Yes 
Colour effects and colour layers Uni Ulm Paintings Yes 
Chemistry / material science, nanoparticle production (colloids, 
pigments, dispersions, powders) 
Uni Ulm Powder 
production 
Yes 
Research in active agent (pharmacology) Uni Ulm Research Yes 
Fine mechanics, optics, analytics: low abrasion bearing  Uni Ulm Surface coating Yes 
Corrosion inhibitors Uni Ulm Surface coating Yes 
Functional layers (anti undercoating, climatisation coating, antifilm 
coating) 
Uni Ulm Surface coating Yes 
Scratch-resistant lacquers as topcoat (automotives etc.) INM Surface coating Yes 
Scratch-resistant coatings VDI Surface coating Yes 
Fuel cells VDI Else Yes 
Structural ceramics VDI Else Yes 
 
*) http://www.zukuenftigetechnologien.de/11.pdf, last access: 24.09.2008 
**) http://wwwex.physik.uni-ulm.de/vortraege/StudiumGenerale/Nanot_20.htm, last access: 24.09.2008 
 ***) http://www.inm-gmbh.de/htdocs/technologien/schwerpunkte/schwerpunkte_de.htm, last access: 28.02.06. The cited 
INM webpage has meantime been removed. However, similar information are presented on following page of the 
INM:  www.inm-gmbh.de/forschung/?PHPSESSID=74b4e577602546b7c8d7b328f576aa88 
 
7.1.3. Syndicate with member addresses on their web page 
Industry sector Syndicate's homepage 
Printing production  www.druckindustrie.ch 
Paint production  www.vslf.ch 
Cosmetics production www.skw-cds.ch 
Varnish production  www.flh.ch 
Paper production  www.zpk.ch 
Chemical production  www.sgci.ch 
Plastic production  www.kvs.ch 
Cleaning agent production  www.skw-cds.ch 
Animal feed production  www.vsf-mills.ch 
Food science * ) www.sglwt.ch 
Microelectronic production  www.swico.ch 
Sensors  www.sensors.ch 
Clock production  www.fhs.ch 
Construction materials  www.vsbh.ch 
 
*) The head of the syndicate sent during the pilot study a written questionnaire to over 200 members of this syndicate. The 
return however was very little with less than 4% of responses. 
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7.2. Annex main study 
7.2.1. Sectors excluded from Top-99 survey 
Table 14: Some economic sectors have been excluded from the Top-99 survey to focus on the 
industrial part. The numbers in front of the description is the SUVA-Code of the economic 
sector. 
SUVA Description 
25P Impression and medias 
40M Public administration 
42B Forestry 
46H Train restaurants and night trains 
47B Train companies 
47D Tramways and Trolleybus companies 
47E Ski lift companies 
48A Aviation companies 
49A Transport companies 
50A Plane maintaining companies 
52A Depots and department stores 
55A Power plants and electricity distributing companies 
55C Electricity transport mean montage - air and soil 
55D Electricity installation companies 
56B Gas distribution companies 
60F Office economic and technique, services administrative 
61A Governmental administration, post offices 
70C Employee placement 
99B Program for temporary occupation of non employed 
7.2.2. Associations pre-advised before the survey 
Table 15: List of association receiving an informative letter before the survey 
Definition Webpage Acronym 
Chemie www.sgci.ch  SSIC (SGCI) 
Verband der Schweizer Druckindustrie www.vsd.ch IGS (VSD) 
Verband Schweizerischer Lack und Farbenfabrikanten www.vslf.ch USVP (VSLF) 
Kosmetik / Waschmittel www.skw-cds.ch ASCD (SKW) 
Papier www.zpk.ch ASPI (ZPK) 
Plastik www.kvs.ch ASMP (KVS) 
Tierfutter www.vsf-mills.ch  VSF 
Lebensmittel www.sglwt.ch SOSSTA (SGLWT) 
Mikroelektronik www.swico.ch SWICO 
Sensoren www.sensors.ch ASTC (SVS) 
Uhren www.fhs.ch FHS 
Baumaterial www.vsbh.ch ASMMC (VSBH) 
Textilien www.swisstextiles.ch FTS (TVS) 
Spitäler www.hplus.ch H+ 
Maschinen-, Elektro- und Metallindustrie www.swissmem.ch  Swissmem 
Arbeitssicherheit www.sgas.ch  SGAS 
Ergonomie www.swissergo.ch  Swissergo 
Studiengruppe für Gesundheitsschutz in Industrie, 
Dienstleistung und Gewerbe www.sgig.ch  SGIG 
Groupement Romand de Médecine, 
d'Hygiène et de Sécurité au Travail www.grmhst.ch  GRMHST 
Grenzwert Kommission - GWK 
Dachverband Sicherheit und Gesundheitsschutz am 
Arbeitsplatz www.suissepro.org SWISSPRO 
Schweizerische Organisation der Wirtschaft für 
Umweltschutz Arbeitssicherheit und 
Gesundheitsschutz 
www.eco-swiss.ch ECOSWISS 
Arbeitnehmerschutz www.iva-ch.ch AIPT (IVA) 
Société des hygiénistes du travail www.sgah.ch SSHT (SGAH) 
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7.2.3. Pre-advising letter 
 
Figure 11: Informative letter, sent to a selection of industrial associations. The letter was 
sent together with the description of the study and an intermediate version of the 
questionnaire. 
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7.2.4. Description of layers 
Table 16: Description of the economic sectors in the statistical layers. There is according to 
the SUVA no official translation of the economic sectors into English. 
Short definition SUVA-
Code 
Description in German 
01A Zement-, Kalk- u. Gipsfabriken - Abbau 
01B Sand- und Kieswerke, Transportbetonwerke, Mischgutbetriebe 
02A Zementwarenfabriken 
44D Malen und Gipsen 
45B Bodenlegergeschäfte 
45BA Bodenlegergeschäfte 
45BB Bodenlegergeschäfte mit Innendekoration, Näherei 
45D Gebäudereinigungsgeschäfte, Gebäudeunterhalt 
45G Installationsgeschäfte für Sanitär-/Heizungs-/Klima-Lüftungsanlagen; Bau-Spenglereien 
45GC Kaminfegergeschäfte 
45GD Tankrevisionsbetriebe 
45GE Installationsgeschäfte 
45GF Bauspenglereien 
45GG Installationsbetriebe, Bauspenglereien 
45GH Bauspengler. m. Dachdecker 
45GK Installationsbetriebe, Bauspenglerei m. Dachdecker 
45L Montagebetriebe 
Building and 
Construction, 
Internal 
45M Wand- und Bodenplattenlegergeschäfte, Hafnergeschäfte; Betr., die Kälte-, Wärme-, 
Schallisolationen ausführen oder Deckenverkleidungen montieren 
06A Keramik und Glas 
06AA Grobkeramik 
06AB Feinkeramik 
06AC Glas und Glasprodukte 
Ceramic and glass 
06AD Glasverarbeitung / Glaserei 
10M Metallurgie 
10MA Erzeugen von Metallen 
10MB Massifumformen von Metallen 
10MC Giessen von Metallen in Nicht-Sandformen 
10MD Giessen von Metallen in Sandformen 
11C Stahl-/Metall-/Apparatebau; allgemein Schlossereien, Schmieden 
11CA Stahl- u. Metallbau, allg. Schlossereien, Schmieden 
16B Herst. von Eisen-, Blech und Metallwaren 
16BA Industriespenglereien 
16BB Metallwaren-/Blechemballagenfabriken, Stanzereien 
16BC Herstellung von Drahtprodukten 
Metals 
16BD Schliesstechnik, Schneidwaren und Waffengeschäfte 
11CB Apparatebau, Konstruktionsschlossereien 
11CC Herstellung, Montage u. Reparatur von Rollläden und Storen 
11CD Herstellung von Stahlrohrmöbeln u. leichten Metallrohrerzeugnissen 
13B Maschinen-/Anlagebau 
13BA Herstellung v. Bestandteilen für die Maschinenbau-Branche 
13BB Maschinen-/Anlagebau 
Engine Construction 
13BC Montage und Reparatur von Produkten der Maschinenbau-Branche 
16C Oberflächentechnik 
16CA Betr. der Lackiertechnik 
16CB Betr. der Galvanotechnik 
Surface Modification 
16CC Betr. der thermischen Oberflächentechnik 
17S Sägereien und Holzindustrie (ohne Zimmereien) Carpentry 
18S Schreinereien 
22D Fabr. von Papier, Karton, Pappe, Halbstoffe 
25C Papier-, Folien- u. Kartonverarbeitung, Wellkartonfabrikation 
25CA Papier-/Folienverarbeitung 
25CB Kartonfabriken 
25P Grafisches Gewerbe, Fotolabors, Filmstudios, Kinos, Filmverleih 
25PG4F Filmstudio, Tonstudio 
25PG4K Kino, Verleih von Bild- und Tonträgern 
25PG4L Fotolabor 
25PG4P Herstellung von Planungs-, Ordnungs-, Repräsentationsmitteln 
25PG4S Schriften- und Reklamegestaltung 
25PG4V Druckvorstufe, Druckformherstellung 
25PG4W Druckweiterverarbeitung, Buchbinderei 
Paper and Printing 
25PGO Druckerei 
Plastics or Polymers 23C Betriebe, die Artikel aus Kunststoff herstellen und verarbeiten 
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Short definition SUVA-
Code 
Description in German 
23CA Masch. Verarbeitung v. Kunststoff zu Profilen/Bahnen, Kunststoffaufbereitung 
23CB Masch. Verarbeitung von Kunststoff zu Formstücken 
 
23CC Handwerkliche Verarbeitung v. Kunststoff; spanende und spanlose Weiterverarbeitung von 
Kunststoff-Halbfabrikaten 
26A Betriebe, die Leder erzeugen und verarbeiten, Innendekorationsgeschäfte 
26AA Innendekorationen 
26AB Schuhfabriken, Betriebe der Ledererzeugung, Fellzurichtereien u. Pelzveredlungsbetriebe 
27T Textil- und Bekleidungsindustrie 
27TA Spinnstoffaufbereitung, Garne, textile Gewebe herstellen 
27TB Garne, textile Gewebe herstellen (ohne Spinnstoffaufbereitung) 
27TC Bekleidungsindustrie 
27TD Chemiefasern herstellen 
Textiles and Leather 
30B Nasswäschereien, chem. Reinigungsanstalten 
32A Herstellung von Grund- und Feinchemikalien, pharmazeutische und kosmetische Produkte Chemical Industry 
32F Herstellung chemischtechnischer Produkte 
35H Schlachthofbetriebe 
35I Metzgereien, Fleischwarenfabriken; Betriebe, die Schlachthausnebenprodukte verwerten 
35N Betriebe der Nahrungsmittelindustrie 
Food and Agriculture 
37D Zigaretten- und Zigarrenfabrikation 
Stone 38S Steinbildhauerwerkstätten, Steinsägewerke 
40M Öffentliche Verwaltungen 
40MA Eigenbedarfsarbeiten 
40MC Spitäler, Heime 
Public Institutions 
and Administration 
40MD Administrative Verwaltungen, Schulen 
41A Betriebe die Arbeiten des Bauhauptgewerbes (Erd-, Maurer-, Beton-, Steinhauer- u. 
Zimmereiarbeiten) ausführen, Felsmaterial gewinnen od. Bauelemente aus Beton herstellen 
42B Forstbetriebe  
Building and 
Construction, 
External 
44E Bedachungen, Fassadenbekleidungen  
46A Bundesbahnen 
46H Speise- u. Schlafwagengesellschaften, Restaurationsbetriebe 
47B Konzessionierte Eisenbahnen 
47D Strassenbahnen, Trolleybusbetriebe verbunden mit Autobuslinien 
47E Luftseilbahnen / Skilifte  
48A Schifffahrtsbetriebe  
49A Strassentransportbetriebe  
Public and Private 
Transportation 
50A Luftfahrtsbetriebe, Luftfahrzeugunterhaltsbetriebe  
52A Handels- und Lagerbetriebe 
52AG Allgemeiner Handel 
52AH Stahl-, Metallhalbzeughandel 
52AK Baumaterial-, Holzwerkstoffhandel 
52AL Brenn-, Treibstoffhandel 
52AM Landwirtschaftliche Genossenschaften 
52AN Lagerhäuser 
52AR Spezielle Grossverteiler (z.B. Migros) 
52D Altstoffhandel, Recyclingbetriebe 
52T Getränkeherstellung, Geränkehandel 
52TA Getränkeherstellung 
52TB Brauereien 
Trade 
52TC Getränkehandel, Getränkedepots 
55A Kraftwerke, Stromverteilungsbetriebe 
55C Frei- u. Kabelleitungsbau 
55D Elektroinstallationsgeschäfte 
Electricity 
56B Gasversorgungsbetriebe, verbunden mit Elektrizitätsversorgung 
60F Kaufm. u. techn. Büros, Verwaltungen, Reisedienste, Verkaufsläden 
60FC Büros, Verkaufsläden, Reisedienste 
60FD Technische Büros 
61A Allgemeine Bundesverwaltungen, Postbetriebe 
70C Verleih von Personal 
70CA Ausleihe Betriebspersonal 
70CB Ausleihe Büropersonal 
Administration 
99B Programme für die vorübergehende Beschäftigung von Arbeitslosen 
 
Workplace 
integration for 
disabled 
71A Invalidenwerkstätten 
13D Reparaturwerkstätten für Strassenfahrzeuge, Landwirtschafts- und Baumaschinen 
13DA Reparaturwerkstätten für leichte Motorwagen, Service-Stationen 
13DB Reparaturwerkstätten für schwere Motorwagen 
Automobile related 
companies 
13DC Reparaturwerkstätten für Landwirtschafts- und Baumaschinen 
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Short definition SUVA-
Code 
Description in German 
13DD Reparaturwerkstätten für Fahr-, Motorfahr- und Motorräder 
13E Karosseriewerke, Autospenglereien u. Lackierwerke, Waggonfabriken, Bootsbaubetriebe, 
Flugzeugwerke 
13EA Karosseriewerke 
 
13ED Autospenglereien und Lackierwerke Mitbeteiligung Autospenglereien und Bootsbaubetriebe 
Electrotechnics 15D Elektro-, Informations-, Medizinal- und Zahntechnik, Uhren und Schmuck 
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7.2.5.  Sent questionnaire for the main survey (German/French/Italian) 
 
Figure 12: German introduction for the main survey and the goal of this survey. 
 
Figure 13: Cover letter for the main survey, German 
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Figure 14: First part of the German questionnaire: General questions to the companies. All 
pages were personalised with the SUVA number of the company in the form XXX-
XXXX.XX.
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Figure 15: Second part of the German questionnaire: questions about the types and 
amounts of used nanoparticles. All pages were personalised with the SUVA number of the 
company in the form XXX-XXXX.XX.
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Figure 16: Third part of the German questionnaire: specific questions about the application 
and the used protection means. All pages were personalised with the SUVA number of the 
company in the form XXX-XXXX.XX. 
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Figure 17: Introduction and the three parts of the French questionnaire. 
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Figure 18: Introduction and the three parts of the Italian questionnaire.  
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7.2.6. Details to raw questionnaire results 
7.2.6.1. Responses to the questionnaire (without text-responses) 
Table 17: Responses to the main survey (without text-responses). 
ID Translated question Count: "CROSS" Count: "NO CROSS" %Cross %NO Cross 
n7a Yes - we have a production 494 679 42.10% 57.90 
n7b No - we don't have a production 597 576 50.90% 49.10 
n91a Yes - we produce nanoparticles 13 1160 1.11% 98.89 
n91b No - we don't have a production of nanoparticles 1034 139 88.15% 11.85 
n91c I don't know if we have a production of nanoparticles 37 1136 3.15% 96.85 
n92a Yes - we use nanoparticles 50 1123 4.26% 95.74 
n92b No - we don't have a use of nanoparticles 956 217 81.50% 18.50 
n92c I don't know if we have a use of nanoparticles 93 1080 7.93% 92.07 
n93a Yes - we liberate nanoparticles 19 1154 1.62% 98.38 
n93b No - we don't have a liberation of nanoparticles 955 218 81.42% 18.58 
n93c I don't know if we have a liberation of nanoparticles 97 1076 8.27% 91.73 
n94a Yes it is planned 24 1149 2.05% 97.95 
n94b No it is not planned 875 298 74.60% 25.40 
n94c I don't know if it is planned 126 1047 10.74% 89.26 
wn1 No use for nanoparticles 780 393 66.50% 33.50 
wn2 Concerns about health effects 29 1144 2.47% 97.53 
wn3 I don't know why 109 1064 9.29% 90.71 
wn4 Technical reasons 42 1131 3.58% 96.42 
wn5 To expensive 20 1153 1.71% 98.29 
un Is the questionnaire signed? 1121 52 95.57% 4.43 
n10a Production level 25 1148 2.13% 97.87 
n10b Management level 31 1142 2.64% 97.36 
n10c Security/hygiene level 45 1128 3.84% 96.16 
n11b No business solution 42 1131 3.58% 96.42 
n121a Yes - occupational health practitioner 5 1168 0.43% 99.57 
n121b No occupational health practitioner 56 1117 4.77% 95.23 
n121c Yes occupational health practitioner, but external 17 1156 1.45% 98.55 
n122a Yes - occupational hygienist 5 1168 0.43% 99.57 
n122b No occupational hygienist 64 1109 5.46% 94.54 
n122c Yes occupational hygienist, but external 4 1169 0.34% 99.66 
n123a Yes - security engineer 9 1164 0.77% 99.23 
n123b No security engineer 60 1113 5.12% 94.88 
n123c Yes - security engineer, but external 4 1169 0.34% 99.66 
n124a Yes security agent 59 1114 5.03% 94.97 
n124b No security agent 19 1154 1.62% 98.38 
n124c Yes security agent, but external 0 1173 0.00% 100.00 
n13a Information on each instruction 8 1165 0.68% 99.32 
n13b Information approx. 1x per week 1 1172 0.09% 99.91 
n13c Information approx. 1x per month 6 1167 0.51% 99.49 
n13d Information approx. 1x per year 19 1154 1.62% 98.38 
n13f No information 27 1146 2.30% 97.70 
n14a Yes, there is a indication for the sub/µm particles  21 1152 1.79% 98.21 
n14b No, there is no indication for the sub/µm particles  44 1129 3.75% 96.25 
n161a Stock is around a gram (g) 10 1163 0.85% 99.15 
n161b Stock is around kilogram (kg) 9 1164 0.77% 99.23 
n161c Stock is around hundred kilos (100kg) 13 1160 1.11% 98.89 
n161d Stock is around a tonne (t) 12 1161 1.02% 98.98 
n161e Stock is around hundred tonnes (100t) 4 1169 0.34% 99.66 
n161f Stock is around a kilo-tonne (kt) 1 1172 0.09% 99.91 
n162a Supply is around a gram (g) 6 1167 0.51% 99.49 
n162b Supply is around kilogram (kg) 11 1162 0.94% 99.06 
n162c Supply is around hundred kilos (100kg) 13 1160 1.11% 98.89 
n162d Supply is around a tonne (t) 10 1163 0.85% 99.15 
n162e Supply is around hundred tonnes (100t) 2 1171 0.17% 99.83 
n162f Supply is around a kilo-tonne (kt) 1 1172 0.09% 99.91 
n163a Frequency of supply is around 1x per week 6 1167 0.51% 99.49 
n163b Frequency of supply is around 1x per month 13 1160 1.11% 98.89 
n163c Frequency of supply is around 1x per year 15 1158 1.28% 98.72 
n164a Delivery is around a gram (g) 13 1160 1.11% 98.89 
n164b Delivery is around kilogram (kg) 5 1168 0.43% 99.57 
n164c Delivery is around hundred kilos (100kg) 4 1169 0.34% 99.66 
n164d Delivery is around a tonne (t) 4 1169 0.34% 99.66 
n164e Delivery is around hundred tonnes (100t) 2 1171 0.17% 99.83 
n164f Delivery is around a kilo-tonne (kt) 1 1172 0.09% 99.91 
n165a Frequency of delivery is around 1x per week 5 1168 0.43% 99.57 
n165b Frequency of delivery is around 1x per month 8 1165 0.68% 99.32 
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n165c Frequency of delivery is around 1x per year 4 1169 0.34% 99.66 
n165d Frequency of delivery is different, it is…     
nr Process number     
n17 Description of process     
n18a Product name of the used nanoparticles     
n18b Substance of the particles     
n18c Average size of particles [nm]     
n19a In form of powder 33 1140 2.81% 97.19 
n19b In form of a dispersion/liquid 31 1142 2.64% 97.36 
n20 Volume of turnover [kg/year] / [l/year] (g/L) 43 1126 0.04% 0.96 
n21a Supply in a barrel 10 1163 0.85% 99.15 
n21b Supply in a tank 7 1166 0.60% 99.40 
n21c Supply as solid 1 1172 0.09% 99.91 
n21d Supply in a bag 25 1148 2.13% 97.87 
n21e Supply in a big-bag 4 1169 0.34% 99.66 
n22a Yes, we have a intermediate stock 26 1147 2.22% 97.78 
n22b No, we don't have an intermediate stock 32 1141 2.73% 97.27 
n23a Yes, there is a decanting 35 1138 2.98% 97.02 
n23b No, we don't have a decanting 24 1149 2.05% 97.95 
n241a Process once a day 23 1150 1.96% 98.04 
n241b Process once a week 10 1163 0.85% 99.15 
n241c Process once a month 11 1162 0.94% 99.06 
n242a Process takes minutes 25 1148 2.13% 97.87 
n242b Process takes hours 29 1144 2.47% 97.53 
n242c Process takes weeks 0 1173 0.00% 100.00 
n25a Closed process as a protection 15 1158 1.28% 98.72 
n25b Chapel/capsule/enclosure as a protection 16 1157 1.36% 98.64 
n25c Half-open aspiration 13 1160 1.11% 98.89 
n25d Open aspiration 22 1151 1.88% 98.12 
n25e Fully closed personal protective clothing 8 1165 0.68% 99.32 
n25f Breathing protection 37 1136 3.15% 96.85 
n25g Glasses 44 1129 3.75% 96.25 
n25h Gloves 45 1128 3.84% 96.16 
n25i No protection measures 5 1168 0.43% 99.57 
n261a Yes, there is an air recirculation 15 1158 1.28% 98.72 
n261b No, there is no air recirculation 41 1132 3.50% 96.50 
n261c I don't know if there is an air recirculation 4 1169 0.34% 99.66 
n262a Yes, the recirculation is …in [%] 2 1171 0.17% 99.83 
n262b I don't know what is the recirculation rate 19 1154 1.62% 98.38 
n263a Yes, the air is filtered 16 1157 1.36% 98.64 
n263b No, the air is not filtered 13 1160 1.11% 98.89 
n263c I don't know if the air is filtered 5 1168 0.43% 99.57 
n28a Average is not known 49 1124 4.18% 95.82 
n291a Yes, there is a waste treatment in this process 31 1142 2.64% 97.36 
n291b No, there is no waste treatment in this process 15 1158 1.28% 98.72 
n291c I don't know if there is a waste treatment in this process 3 1170 0.26% 99.74 
n291d No, there is no wastes in this process 13 1160 1.11% 98.89 
n292a Yes, there is a pre-treatment of the effluent 16 1157 1.36% 98.64 
n292b No, there is no pre-treatment of the effluent 21 1152 1.79% 98.21 
n292c I don't know if there is a pre-treatment 2 1171 0.17% 99.83 
n292d There are no effluents in this process 19 1154 1.62% 98.38 
n293a Yes, we have a recycling 21 1152 1.79% 98.21 
n293b No, there is no recycling 34 1139 2.90% 97.10 
n293c I don't know if there is a recycling 1 1172 0.09% 99.91 
n294a Yes, the exhaust air is filtered 26 1147 2.22% 97.78 
n294b No, the exhaust air is not filtered 28 1145 2.39% 97.61 
n294c I don't know if the exhaust air is filtered 4 1169 0.34% 99.66 
n295a The filtration efficiency is… 4 1169 0.34% 99.66 
n295b We don't have filters for the exhaust air 14 1159 1.19% 98.81 
n295c I don't know what is the filtration efficiency 29 1144 2.47% 97.53 
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